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(57) Abstract 

PURPOSE: To nninimize the charging voltage stress by 
receiving a recharge rate data output from a recharge 
ratio counter and controlling the charging voltage and 
ensuring the recharge ratio requested. 

CONSTITUTION: When the total charged quantity up to 
now becomes equal to 1.0 to 1.3 times the discharged 
quantity discharge for a load 10 through a dischariging 
d iode 9 before Qh argjng, chargi ng is co nslden Bd to be 
cortipleted, a chaining compel signal 8 is dutpUtT frbm 
a recharging ratio counter 1, and a trickle charging 
mode occurs. If the recharging ratio is predicted to be 
not fulfilling the set value within the remaining 
charging time based on the rising ratio of charging 
quantity for taper charging mode, the level of the 
constant-vohage charging voltage is increased or 
decreased for optimizing tiie recharging ratio. 
Thereafter, trickle charging current level occurs by the 
tickle charging mode. Battery charging state is held 
properfy, and the charging voltage stress is minimized 
and battery life is extended by mixing tiie charging 
voltage as low as possible. 
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(54) BATTERY CHARGING CONTROLLER 

(57) [Abstract] 

[Constitution] A controller having a detecting means for 
detecting a battery charging current and discharging 
current, a processing judging means 7 for outputting a 
charging completion signal at the time when a value of a 
recharging rate found by the ratio of the cumulative 
charging amount and cumulative discharging amount from the 
charging current and discharging current reaches a 
predetermined threshold value, a current controlling means 
2 of a charging current for switching a charging mode from 
a taper charging or charging voltage control mode to a 
trickle charging mode each time a charging completion 
signal is input, and a charging voltage controlling means 1 
for controlling the charging voltage for obtaining the 
charging current required for securing a predetermined 
recharging rate by the remaining charging time from the 
rate of rise of charging amount at the taper charging or 
charging voltage control mode. 

[Effects] In the taper charging region, a suitable charging 
state can be accurately maintained. Further, since the 
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charging voltage does not have to be set strictly and the 
charging voltage stress is only applied for a minimum time, 
the life of the battery can be held longer. 

[CLAIMS] 

[Claim 1] A battery charging control system having a 
detecting means for detecting a battery charging current 
and discharging current, a processing judging means for 
outputting a charging completion signal at the time when a 
value of a recharging rate found by the ratio of the 
cumulative charging amount and cumulative discharging 
amount from the charging current and discharging current 
reaches a predetermined threshold value, a current 
controlling means of a charging current for switching a 
charging mode from a taper charging or charging voltage 
control mode to a trickle charging mode each time a 
charging completion signal is input, and a charging voltage 
controlling means for controlling the charging voltage for 
obtaining the charging current required for securing a 
predetermined recharging rate by the remaining charging 
time from the rate of rise of charging amount at the taper 
charging or charging voltage control mode. 

[Claim 2] A battery charging control system as set forth in 
claim 1, wherein said processing judging means has a 
counter for digitally counting the cumulative charging 
amount and discharging amount, a memory for storing the 
count information of said counter, a processing judger for 
counting the recharging rate from the information of said 
memory and judging that the value of recharging rate has 
reached the threshold value showing predetermined full 
charging completion, and a charging completion signal 
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generator for outputting a charging completion signal due 
to the judgment signal of said processing judger, 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of Utilization in Industry] The present invention 
relates to a battery charging control system, more 
particularly relates to a battery charging control system 
for promoting suitable charging when repeatedly charging 
from a solar battery used in a manmade satellite etc. and 
discharging to a load . 
[0002] 

[Prior Art] In general, as battery charging modes, there is 
a full charging mode for constant current charging to 
charge from the state right after the initial discharge up 
to about 80% of the amount to be charged, a taper charging 
mode for charging to the final capacity value while 
reducing the charging amount as the next stage, and the 
trickle charging mode for charging by a small charging 
current for replenishment of the auto dis_charge etc. after 
this . Further, as the charging control system for the 
above-mentioned taper charging mode, there is the constant 
voltage charging system which detects the overcharging 
voltage level of the battery and continuously reduces the 
charging current rate . 

[0003 ] In the past, the battery charging control system for 
realizing this constant current constant voltage system in 
the different charging modes, as shown in the block diagram 
of FIG. 4, is comprised of a power source 11, a charger 14 
for controlling the charging current, a battery 3 to be 
charged, a voltage sensor 5 for detection of the battery 
charging voltage, a load 10 such as a communication device. 
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a charging diode 9 forming a charging path from the battery 
3 to the load 10, and a current sensor 4 for detecting the 
charging/discharging current. Now, the prior art will be 
explained with reference to the characteristics of the 
battery charging voltage, charging current, and charging 
amount shown in the general explanatory views of FIGS. 
2(a), (b) , and (c) . *The battery -3 is charged by a constant 
current controlled by a charger 14 operating by receiving a 
signal corresponding to the detection voltage of the 
voltage sensor 5 using power supplied from a power source 
1. This region corresponds to A of the full charging region 
of FIG. 2(b). When the charging progresses and the battery 
voltage reaches a predetermined constant voltage shown by 
the point E of FIG. 2(a), the taper charging signal 6 is 
output from the voltage sensor 5 to the charger 14 
resulting in the taper charging region shown in FIGS. 2(a), 
(b) . As shown by B in FIG. 2(b), the charging current is 
continuously reduced while holding the charging voltage of 
the battery 3 constant. The current at the end of the 
charging reduced in this way could give rise to fluctuation 
due to the set level of the overcharging voltage in the 
prior art . 
[0004] 

[Problem to be Solved by the Invention] The above-mentioned 
conventional battery charging control system changes due to 
the change along with time of the battery charging voltage 
characteristic and the battery temperature. There was the 
defect that it was not easy to rectify the charging amount 
by the initial settings of the overcharging voltage. That 
is, undercharging or overcharging was liable to occur. 
[0005] The object of the present invention is to provide a 
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battery charging control system overcoming the fluctuations 
in charging current in the taper charging region, able to 
maintain a suitable charging state with no over or under 
charging, and able to minimize the stress due to the 
charging voltage. 
[0006] 

[Means for Solving the Problem] The battery charging 
control system of the present invention has a detecting 
means for detecting a battery charging current and 
discharging current, a processing judging means for 
outputting a charging completion signal at the time when a 
value of a recharging rate found by the ratio of the 
cumulative charging amount and cumulative discharging 
amount from the charging current and discharging current 
reaches a predetermined threshold value, a current 
controlling means of a charging current for switching a 
charging mode from a taper charging or charging voltage 
control mode to a trickle charging mode each time a 
charging completion signal is input, and a charging voltage 
controlling means for controlling the charging voltage for 
obtaining the charging current required for securing a 
predetermined recharging rate by the remaining charging 
time from the rate of rise of charging amount at the taper 
charging or charging voltage control mode. 
[0007] 

[Embodiments] Next, the present invention will be explained 
with reference to the drawings. FIG. 1 is a block diagram 
of an embodiment of the present invention, while FIG. 3 is 
a block diagram showing the configuration of the recharging 
rate counter 7 of FIG. 1. In the present embodiment, the 
system has a charging voltage controller 1 receiving 
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recharging rate data 12 output from the recharging rate 
counter 1 , outputting a signal 13 controlling the charging 
voltage, and operating to secure the required recharging 
rate and a charger 2 operating under the control of the 
recharging rate counter 7. The rest of the configuration is 
the same as the prior art of FIG. 4. 

[0008] Next, the operation of the present embodiment will 
be explained. The recharging rate counter 7 of FIG. 3 has a 
counter 15 for digitally counting the cumulative values of 
the charging amount and discharging amount, a memory 16 for 
storing the count values, a processing judger 17 for 
calculating the ratio of the cumulative charging amount and 
cumulative discharging amount and comparing it with a 
predetermined value for judgment, and a charging completion 
signal generator 18 operating by a signal of this 
processing judger 17 and outputting a charging completion 
signal. Now, when the amount of the current value of the 
current sensor A multiplied with the time, that is, the 
total charging amount up to then, becomes about 1 to 1.3 
times the discharging amount discharged through the 
charging diode 9 to the load 10 before this charging, the 
charging completion mode is reached, whereby the recharging 
rate counter 7 outputs a charging completion signal 8 
resulting in the trickle charging mode. This mode shows the 
transition from B to D in FIG. 2(b), Since this is charging 
of a charging current rate of an extent compensating for 
auto discharge of the battery, there is no risk of 
overcharging. Further, if compensated for, the recharging 
rate counter 7 calculates the value corresponding to the 
discharging current of the current sensor 4 and time when 
switching from charging to discharging and stores the 
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discharging amount accumulated up to the switch from 
discharging to charging. This has the function of comparing 
this discharging amount with the cumulative value of the 
charging amount due to the next charging and outputting a 
charging completion signal when the recharging rate for 
each cycle of discharging and charging, that is, the above- 
mentioned ratio of the charging amount to the discharging 
amount, reaches a preset 1 to 1.3 times. When it is 
predicted from the rate of rise of the charging amount for 
the taper charging mode that the recharging rate will not 
reach the set value in the remaining charging time, the 
constant voltage charging voltage (E in FIG. 2(a)) is 
adjusted in level as with the F region to obtain the 
charging current characteristic of the C region of FIG. 
2(b) so as to rectify the recharging rate. After this, the 
trickle charging mode results in the trickle charging 
current level of D. Due to the above explained operation, 
the battery charging state is suitably held. Further, by 
reducing the charging voltage as much as possible, the 
charging voltage stress is minimized and the life of the 
battery is maintained. Further, after the charging 
progresses a while in the F region, rate of rise of the 
charging amount is confirmed. If it is judged that a 
sufficient recharging rate cannot be secured in the 
remaining charging time, the operation of again raising the 
level to E to secure the charging amount is automatically 
performed. 
[0009] 

[Effect of the Invention] As explained above, the present 
invention provides a recharging rate counter for comparing 
the previous cumulative discharging amount and next 
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cumulative charging amount and judging under or over 
charging and a charging voltage controller, so there is the 
effect that the suitable charging state can be accurately 
maintained. Further, the upper limit of the charging 
voltage does not have to be strictly set and the charging 
voltage stress is only applied for the minimum time, so 
there is the effect that it is possible to provide a 
battery charging control system able to maintain the life 
of the battery longer . 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] A block diagram of an embodiment of the present 
invention . 

[FIG. 2] A general explanatory view showing the charging 
characteristic of a battery. 

[FIG. 3] A block diagram of a counter of the recharging 
rate of the present embodiment. 

[FIG. 4] A block diagram of a conventional battery charging 

control system. 

[ Description of Notations ] 

I charging voltage controller 
2, 14 charger 

3 battery 

4 current sensor 

5 voltage sensor 

6 taper charging signal 

7 recharging rate counter 

8 charging completion signal 

9 charging diode 

10 load 

II power source 

13 charging voltage control signal 
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15 counter 



16 memory 

17 processing judger 

18 charging completion signal generator 
[FIG. 1] 
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[FIG. 2] 
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[FIG. 3] 
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